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Mesostructured TiO2 nanocrystals have been prepared using Pluronic F127 as the
structure-directing agent. Platinum nanoparticles at diﬀerent contents (0.1–1.0 wt%) have been
photochemically deposited onto the mesoporous TiO2. TEM investigation of 0.2 wt% Pt/TiO2
calcined at 450 1C reveals that the TiO2 particles are quite uniform in size and shape with the
particle sizes of TiO2 and Pt being 10 and 3 nm, respectively. The photocatalytic activities of the
Pt loaded TiO2 have been assessed and compared with those of nonporous commercial
Pt/TiO2-P25 by determining the rates and the photonic eﬃciencies of molecular hydrogen
production from aqueous methanol solutions. The results show that the amount of hydrogen
evolved on Pt/TiO2-450 at low Pt loading (0.2 wt%) is three times higher than that evolved on
Pt/TiO2-P25 and twelve times higher than that evolved on Pt/TiO2-350. Despite the BET surface
area of the TiO2-450 photocatalyst being 3.5 times higher than that of TiO2-P25, a 60% smaller
amount of the Pt co-catalyst is required to obtain the optimum photocatalytic hydrogen
production activity. The reduced Pt loading on the mesoporous TiO2 will be important both
from a commercial and an ecological point of view.
1. Introduction
Hydrogen is the most common element on earth, but it does
not occur to any signiﬁcant extent in its elemental form. It is
mostly present in water, in biomass, and in hydrocarbons.
Hydrogen gas is currently produced from a variety of primary
sources, such as natural gas, naphtha, heavy oil, methanol,
biomass, wastes, coal, solar energy, wind energy, hydropower,
and nuclear energy.1,2 It is a clean source of energy fuel
because the chemical energy stored in the H–H bond can be
released in a controlled way when it combines with oxygen,
yielding only water as the reaction product. Accordingly, a
future energy infrastructure based on H2 is regarded as an
ideal long-term solution to solve energy-related environmental
problems. There is no doubt that hydrogen has the potential
to provide a clean and aﬀordable energy supply that can
minimize our dependence on oil and therefore enhance the
global economy and reduce environmental pollution.
In view of the high energy demand and the complexity
associated with all reforming processes, it is of considerable
interest to explore photocatalysis as an alternative technology
for H2 production from water and/or biomass derived
compounds such as methanol.3 One of the most important
limitations for the applications of photocatalysis for water
decomposition is that employing pure water in this process is
still rather ineﬃcient.4,5 This is related to the fact that the
simultaneous reduction and oxidation of water is a complex
multistep reaction involving four electrons. Using sacriﬁcial
donors such as methanol can improve remarkably the H2
production,6,7 as holes are scavenged by these molecules and
charge carrier recombination can be greatly reduced. Further-
more, as O2 is not produced, the back reaction to produce
water is suppressed, increasing the H2 yield.
Because of its availability, its stability, and its non-toxicity
TiO2 has been proposed to be the most suitable photocatalyst
up to now. However, bare TiO2 is not able to catalyze the H2
evolution even in the presence of methanol. In the presence of
an electron donor, such as methanol, and in the absence of O2,
the excess holes will be consumed and the photogenerated
electrons will be trapped near the surface forming trivalent
titanium (Ti3+) instead of reducing H+.8 Loading the TiO2
surface with small noble metal islands creates sinks for the
electrons as well as active sites for the H2 formation, thus
facilitating the separation of e/h+ pairs photogenerated in
TiO2 and promoting the formation of H2 gas.
9–11 The photo-
catalytic activity of hydrogen evolution from aqueous methanol
solutions over TiO2 depends strongly on the presence of noble
metal co-catalysts deposited on the semiconductor surface
as well as on various physicochemical properties of TiO2.
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In general, modiﬁcation of TiO2 with noble metals has been
reported to be a very eﬀective method for the enhancement of
its photocatalytic activity.12 Among these noble metals, Pt
modiﬁed TiO2 has usually shown the best photocatalytic
activity, particularly, for hydrogen production from aqueous
methanol solutions.13,14 Hence, as concluded from the work
functions of TiO2 (4.6–4.7 eV) and Pt (5.36–5.63 eV),
15 the
Fermi level of the Pt metal is more positive than that of TiO2,
the photo-excited electrons can be readily transferred from the
TiO2 conduction band to the Pt particles deposited on its
surface, while photo-generated valence band holes remain on
the TiO2. The electron transfer to the metal islands will
greatly reduce the probability of electron–hole recombination,
resulting in a more eﬃcient electron/hole separation and thus
in enhanced photocatalytic activities.
However, while Pt co-catalysts have shown the highest
activity for hydrogen production from aqueous methanol
solutions, their cost is still one of the limitations for the
practical application of Pt-loaded TiO2 photocatalysts for
hydrogen production. Thus, the research for TiO2 nano-
structures exhibiting high photocatalytic activities and at the
same time requiring only small amounts of Pt co-catalyst is of
great interest. Herein, we present the results of a study focused
on the synthesis of mesoporous TiO2 nanostructures as
improved design of TiO2 photocatalysts exhibiting high
photocatalytic activity and at the same time requiring a
reduced amount of the Pt co-catalyst to achieve the optimum
hydrogen generation rate.
2. Experimental
Materials
The block copolymer surfactant EO106–PO70EO106 (F-127, EO=
CH2CH2O–, PO = CH2(CH3)CHO–, Mw 12600 g mol1),
Ti(OC(CH3)3)4 (TBOT), HCl, C2H5OH, and CH3COOH, hexa-
chloroplatinic acid hexahydrate were purchased from Sigma-
Aldrich and used as received. All aqueous solutions were
prepared with deionized water from a SARTORIUS ARIUM
611 apparatus (resistivity = 18.2 MO cm).
Synthesis of mesoporous TiO2
Highly ordered TiO2 nanocrystals were synthesized through a
simple one-step sol–gel process in the presence of the F127
triblock copolymer as a structure directing agent. To minimize
possible variables, the molar ratio of each reagent in the
starting solution was ﬁxed at TiO2/F127/C2H5OH/HCl/
CH3COOH = 1 : 0.02 : 50 : 2.25 : 3.75. In a typical prepara-
tion, 1.6 g of F127, 2.3 ml of CH3COOH and 0.74 ml of HCl
were dissolved in 30 ml of ethanol and then added to 3.5 ml of
TBOT.16 The mixture was stirred vigorously for 60 min and
transferred into a Petri dish. Ethanol was subsequently
evaporated at 40 1C and a relative humidity of 40% for 12 h
followed by the transfer of the sample into a 65 1C oven and
ageing for an additional 24 h. The as-made mesostructured
hybrids were calcined at 350–450 1C in air for 4 h at a heating
rate of 1 1C min1 and a cooling rate of 2 1C min1 to remove
the surfactant and to obtain mesostructured TiO2 denoted as
TiO2-350, TiO2-400, and TiO2-450.
Photodeposition of Pt onto mesoporous TiO2
Pt islands were photochemically deposited onto mesoporous
TiO2 as follows: 0.5 g of mesoporous TiO2 was suspended by
stirring in 100 ml aqueous solution containing speciﬁc con-
centrations of H2PtCl6 to obtain varied (i.e., 0.1–1.0 wt%) Pt
loaded TiO2 photocatalysts. The resulting solution was irra-
diated with UV(A) light employing a Philips ﬂuorescence Hg
lamp (illumination intensity: 1.0 mW cm2) for 2 h under an
Ar atmosphere. Afterwards, 1 ml methanol was injected into
the solution followed by further illumination for 10 h. The
obtained powder was separated by centrifugation, washed
with water, and dried at 110 1C for 12 h. The Pt photo-
chemically deposited onto mesoporous TiO2-350, TiO2-400,
and TiO2-450 was labelled as Pt/TiO2-350, Pt/TiO2-400, and
Pt/TiO2-450 respectively.
Characterization
Transmission electron microscopy (TEM) was conducted at
200 kV with a JEOL JEM-2100F-UHR ﬁeld-emission instru-
ment equipped with a Gatan GIF 2001 energy ﬁlter and a
1k-CCD camera in order to obtain EEL spectra. Wide angle
X-ray diﬀraction (WXRD) data were acquired employing a
Bruker AXS D4 Endeavour X diﬀractometer using Cu Ka1/2,
la1 = 154.060 pm, la2 = 154.439 pm radiation with small
angle X-ray diﬀraction (SXRD) patterns being recorded on a
Bruker D8 advance. The nitrogen adsorption and desorption
isotherms at 77 K were measured using a Quantachrome
Autosorb 3B after the samples were vacuum-dried at 200 1C
overnight. The sorption data were analyzed using the Barrett–
Joyner–Halenda (BJH) model with the Halsey equation.17
Photocatalytic activity measurements
The photocatalytic molecular hydrogen production tests were
performed in a double jacket Duran glass reactor (110 cm3)
with three outlets as described elsewhere.18,19 In a typical run,
0.0375 g of the modiﬁed TiO2 photocatalysts were suspended
in 75 ml of an aqueous methanol solution (0.03 M) by
sonication. The suspension was transferred to the photo-
reactor and bubbled with Ar for 30 min to remove dissolved
O2. The reactor was sealed with a silicone rubber septum and
repeatedly ﬂushed with Ar for another 30 min until no O2 and
N2 were detected by gas chromatography in the headspace
above the solution. Subsequently, the stopcocks were closed
and the photoreactor was connected to the cooling system.
The photoreactor was irradiated from the outside using an
Osram XBO 1000 W Xenon lamp in a Mu¨ller LAX 1000 lamp
housing. The evolved gas was sampled at a constant rate
through the silicone rubber septum by using a locking-type
syringe. The sampled gas was quantitatively analyzed using a
gas chromatograph (Shimadzu 8A, TCD detector). The GC
was equipped with a molecular sieve 5 A˚ packed column for
hydrogen analysis. Ar was used as the carrier gas.
3. Results and discussions
3.1. Photocatalyst synthesis and characterization
Well-ordered mesostructured TiO2 nanocrystals were pre-
pared using Pluronic F127 as the structure-directing agent.
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The preparation of the mesostructured TiO2 involved the
alcoholysis of TBOT by ethanol in the presence of amphiphilic
block copolymers and acetic acid. Cross-linking of the
inorganic network under these conditions occurred, through
the slow hydrolysis of the titanium species by the humidity of
the surrounding atmosphere. Nanosized metal-oxo-acetate
particles form rapidly in the acetic acid solution. These
nanoparticles are quite stable and grow slowly due to the slow
introduction of water from the ambient environment and the
esteriﬁcation of acetic acid.20 The obtained gel samples were
calcined to produce TiO2-350, TiO2-400 and TiO2-450, respec-
tively. Then, Pt was photochemically deposited onto the meso-
porous TiO2-350, TiO2-400 and TiO2-450 yielding Pt/TiO2-350,
Pt/TiO2-400, and Pt/TiO2-450, respectively. The small angle
X-ray scattering (SAXS) patterns of the mesoporous Pt/TiO2-
350, Pt/TiO2-400, and Pt/TiO2-450 are shown in Fig. 1.
Pt/TiO2-350 shows two well-resolved peaks, which can be
indexed to the (10) and (20) Bragg reﬂections conﬁrming an
ordered 2D-hexagonal mesostructure of the P6m space group.
The observed high intensities and the sharpness of the peaks
prove that a long-range order exists in the Pt/TiO2-350
nanoarchitectures. With increasing calcination temperature,
the diﬀraction peaks are becoming weaker with the (10) and
(20) reﬂections indicating that the long-range ordering of the
mesopores is already disappearing for the Pt/TiO2-450 sample.
In general, well ordered 2D-hexagonal TiO2 nanoparticles
were found to be stable up to 350 1C. After template removal,
the structural regularity declines with increasing temperature
from 350 to 450 1C but the lattice parameters calculated
from the d10 value decrease only from 12.96 to 11.45 nm
indicating an approx. 11.8% contraction of the structure at
450 1C. It is evident that after the collapses of the hexa-
gonal ordering even the pore channels themselves start to
collapse and disordered mesostructures of crystalline TiO2
are obtained at 450 1C. Wide angle XRD reﬂections (Fig. 1,
inset) showed that the Pt/TiO2-350 sample exhibits low
intensity and rather broad peaks evincing, however, that the
TiO2 particles already exist in the anatase phase. It is obvious
that the XRD reﬂections show a gradual increase and a
narrowing in the anatase-TiO2 (101) peaks (2y = 25.41) with
increasing calcination temperature. The peaks characteristic
for the (101), (004), (200), (211) and (213) lattice planes can
also be identiﬁed evincing that the TiO2 phase easily nucleates
during heating and already upon calcination at 350 1C
transforms into nanocrystals. This is explained by the amor-
phous-anatase TiO2 transition and the subsequent growth of
anatase-TiO2 particles. Analyzing the width at half maximum
of the reﬂections employing Scherrer’s equation21 results in
TiO2 nanocrystal sizes with a maximum of 8 nm at 450 1C
(see Table 1). Interestingly, no crystalline Pt phase is detected.
Thus, at low Pt content a high dispersion of smaller nano-
particles of Pt onto the surface and the pores has obviously
been achieved.
In the N2 adsorption/desorption studies large hysteresis
loops resembling typical H2-type isotherms are observed for
0.2 wt% Pt loaded TiO2-350, TiO2-400 and TiO2-450 (Fig. 2).
The sharpness of the inﬂection resulting from capillary con-
densation at relative pressures p/p0 between 0.45 and 0.75 is
characteristic for mesopores ordered in two-dimensional hexa-
gonal symmetry. The Barrett–Joyner–Halenda (BJH) analysis
shows that the 0.2 wt% Pt loaded TiO2-450 mesoporous
network exhibits mean pore sizes of about 6.53 nm (Fig. 2,
inset), but also demonstrates that the pore size distribution is
quite narrow. The mesoporous Pt/TiO2-350 possesses high
surface areas of 267 m2 g1 and large pore volumes of
0.32 cm3 g1; they are reduced to 175 m2 g1 and 0.29 cm3 g1,
respectively, for the Pt/TiO2-450 sample as a result of the
calcination at 450 1C (Table 1). The BET surface areas, the
pore volumes, and the pore diameters of all samples are
summarized in Table 1. The slight decrease in pore size with
increasing calcination temperature up to 450 1C reveals that
the thickness of the pore walls increases concomitantly from
6.5 to 6.8 nm. The wall thickness is found to be slightly smaller
for the sample calcined at 450 1C, implying that some of
the TiO2 nanocrystals could partially pierce even into the
Fig. 1 SAXS patterns of two-dimensional hexagonal mesoporous Pt
photodeposited on TiO2 nanoparticles calcined at 350 (a), 400 (b) and
450 1C (c). Inset, WXRD of Pt photodeposited on TiO2 nano-
composites calcined at 350 (a), 400 (b) and 450 1C (c) for 4 h. Shifted
for the sake of clarity.
Table 1 Textural properties of Pt photodeposited onto/TiO2 calcined at 350, 400, and 450 1C and Pt photodeposited onto commercial TiO2-P25
and their photocatalytic properties
Photo-catalysts SBET/m
2 g1 PTiO2/nm d100/nm Unit cell size/nm Pore wall/nm z/% Vp/cm
3 g1 Dp/nm
TiO2 a. m. — — 12.96 14.98 — — — —
TiO2-350 267 3.5 11.87 13.71 6.5 0.45 0.31 7.21
TiO2-400 209 6 11.57 13.48 6.7 4.0 0.30 6.78
TiO2-450 175 8 11.45 13.23 6.7 5.35 0.29 6.53
TiO2-P25 50 — — — — 1.8 — —
SBET: surface area, PS TiO2: average particle size of TiO2 nanoparticle, z: photonic eﬃciency, Vp: pore volume, Dp: pore diameter.
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channel space,22 which is particularly evident from the
HRTEM images (Fig. 3f).
The TEM images of the mesoporous Pt/TiO2-350 (Fig. 3a
and b) show a well-deﬁned 2D hexagonal mesostructure,
evincing the formation of a highly ordered mesostructure,23
which is consistent with the analysis of the SAXS pattern
(Fig. 1a). Already upon calcination at 350 1C the TiO2
nanocrystals are randomly oriented within the amorphous
walls as indicated by the characteristic lattice fringes (Fig. 3a).
The TEM images of the mesoporous 0.2 wt% Pt/TiO2-400 and
0.2 wt% Pt/TiO2-450 demonstrate that the TiO2 nanoparticles
are not agglomerated and quite uniform in size and shape
(Fig. 3c and d). The dark-ﬁeld TEM image of Pt/TiO2-450
(Fig. 3e) clearly shows that the Pt nanoparticles are well
dispersed exhibiting diameters of B3 nm. The selected area
electron diﬀraction (SAED) pattern analysis (Fig. 3a and f
inset) further conﬁrms that anatase is progressively formed
with its particle size increasing from 5 to 10 nm with increasing
calcination temperatures from 350 to 450 1C. Both, the
HRTEM image (Fig. 3f) and the selective area electron
diﬀraction (SAED, inset of Fig. 3f) show well resolved (101)
lattice fringes (distance: 0.352 nm) and diﬀraction cycles
indicative of a highly crystalline TiO2 anatase framework.
3.2. H2 production from aqueous methanol solutions
The photocatalytic activities of the Pt loaded photocatalysts
have been assessed and compared with that of nonporous
commercial Pt/TiO2 P25 by determining the rates and the
photonic eﬃciencies of molecular hydrogen production from
aqueous methanol solutions. The hydrogen evolution on bare
TiO2 was negligible under the applied experimental condi-
tions. In order to optimize the amount of Pt required for
higher photocatalytic activity, the TiO2 sample calcined at
450 1C (TiO2-450) has been loaded with diﬀerent amounts of
Pt using the photochemical deposition method. The Pt/TiO2-450
sample has been chosen due to its higher crystallinity and
its superior mesoporous structure. Even though Pt/TiO2-350
and Pt/TiO2-400 already show ordered mesoporous structures,
Fig. 2 N2 sorption isotherms and pore size distributions (inset) of
mesoporous 0.2 wt% Pt loaded TiO2 calcined at 350, 400 and 450 1C
for 4 h.
Fig. 3 TEM images of two-dimensional hexagonal mesoporous Pt loaded TiO2 nanocomposites calcined at 350 (a and b), 400 (c) and 450 1C (d).
The insets show the SAED patterns for the anatase phase at 350 (a) and 450 1C (f). Dark-ﬁeld TEM image of Pt loaded TiO2 at 450 1C (e) and
HRTEM image of TiO2 anatase phase using (101) (f).
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preliminary results had shown that they exhibit smaller photo-
catalytic activities than Pt/TiO2-450. Fig. 4 shows the rate of
hydrogen evolution from aqueous methanol solutions on
TiO2-450 photocatalysts loaded with diﬀerent amounts of the
Pt co-catalyst. Interestingly, the 0.2 wt% Pt loaded TiO2-450
exhibits the highest activity. Usually, the optimum amount of
Pt loading on Evonik TiO2 P25, which is a well known
photocatalyst and usually has been recommended as a reference
photocatalyst,24 is 0.5 wt%.11,25 The ratio of Pt loading on TiO2
P25 has also been found under the applied experimental condi-
tions. Despite the BET surface area of TiO2-450 photocatalyst
being 3.5 times higher than that of TiO2-P25, it needs a 60%
smaller amount of Pt co-catalyst to exhibit optimum photo-
catalytic hydrogen production activity. This ﬁnding is impor-
tant both from a commercial and an ecological point of view.
Fig. 5 shows the time course of molecular hydrogen produc-
tion on the diﬀerent 0.2 wt% Pt loaded TiO2 photocatalysts
(TiO2-350, TiO2-400, TiO2-450 and TiO2-P25) from aqueous
methanol solutions upon UV(A) illumination. The photonic
eﬃciencies (z) of hydrogen evolution have been calculated by
dividing the rate of hydrogen evolution by the photon ﬂux
(z = R/I0).
26 The rate of hydrogen evolution has been
calculated from the slope of the time course of the hydrogen
production. The photon ﬂux has been calculated from the
intensity of UV(A) light at the entrance window of the
photoreactor as measured by a UV light meter (ultraviolet
radiometer LTLutron UVA-365) to be 4.42 103 meinstein h1.
The calculated photonic eﬃciency values for all investigated
photocatalysts are given in Table 1. The results show that the
amount of hydrogen evolved on Pt/TiO2-450 is three times
higher than that evolved on Pt/TiO2-P25 and twelve times
higher than that evolved on Pt/TiO2-350. However, the latter
has highly ordered mesoporous structures (see Fig. 1a and 3a)
and also a higher surface area (see Table 1). These results
clearly indicate that the crystallinity of TiO2 is an important
factor greatly aﬀecting the rate of hydrogen evolution. A high
degree of crystallinity is apparently more important than a
high surface area for hydrogen production. In a photocatalytic
system the recombination between photogenerated electrons
and holes presents a serious problem limiting its overall
eﬃciency. The increase of crystallinity is expected to lead to
a decrease of the number of defect sites and hence to a decrease
of the recombination rate.5
In order to explain why the TiO2-450 photocatalyst needs a
smaller amount of the Pt co-catalyst than TiO2-P25, to exhibit
higher photocatalytic activity, the ratio of the number of Pt
nanoparticles to TiO2 nanoparticles has been calculated.
Assuming that Pt nanoparticles are spherical and have a
diameter of 3.0 nm (see Fig. 3e), the volume of one 3.0 nm
Pt nanoparticle is calculated to be 1.41  1020 cm3. Consi-
dering that the mass density of Pt is 21.4 g cm3, the average
weight of one Pt nanoparticle is derived to be approximately
3.02  1019 g. Therefore, the number of Pt islands for each
gram of 0.2 wt% Pt-loaded TiO2 will be 6.61 1015. Assuming
spherical TiO2 nanoparticles with 8 nm average diameter
(see Table 1) and a mass density of 3.9 g cm3, the number
of TiO2 nanoparticles per gram is calculated to be 9.57  1017.
Thus, the number of Pt nanoparticles per TiO2-450 nano-
particle should be 1 Pt particle for 145 TiO2 particles. By the
same way, the number of Pt particles per TiO2-P25 particle has
been calculated to be 1 Pt particle for 30 TiO2-P25 particles,
assuming that the average particle size of TiO2-P25 is 25 nm.
However, it should be mentioned that TiO2-P25 is a mixture of
anatase and rutile particles with the particle size of rutile being
larger than that of anatase.27 Assuming that the Pt nano-
particles are the only active centers available for hydrogen
evolution, it can be concluded from these simple calculations
that the photogenerated electrons are transferred through a
three-dimensional network of TiO2 nanoparticles to reach the
Pt nanoparticles where the hydrogen evolution will be cata-
lyzed as schematically shown in Fig. 6. This model appears to
be responsible because the bare TiO2 surface, on the one hand,
cannot be considered as an active surface for hydrogen evolu-
tion as experimentally conﬁrmed and, on the other hand, there
is no molecular oxygen available to act as an electron acceptor
regardless of the presence or absence of the Pt co-catalyst.
Fig. 4 Rate of hydrogen evolution on TiO2-450 photocatalyst loaded
with diﬀerent amounts of Pt co-catalyst upon UV(A) illumination
(60 mW cm1).
Fig. 5 Time course of hydrogen evolution over 0.2 wt% Pt loaded
photocatalysts upon UV(A) illumination (60 mW cm1).
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It is obvious from the nitrogen absorption measurements
that TiO2-450 has a mesoporous structure whereas TiO2-P25 is
a nonporous material. This mesoporous structure can thus
provide suitable interfaces for a facile interparticle charge
transfer while the reactants can freely diﬀuse through the
pores.25,28,29 While the excited TiO2 nanoparticle can transfer
the absorbed energy through the mesoporous TiO2 network to
other ground-state TiO2 particles, the probability of the hole
trapping at the surface hydroxyl group forming an adsorbed
hydroxyl radical that is subsequently transferred to an
adsorbed CH3OH molecule is considered to be high. Conse-
quently, the probability of electron transfer to the Pt particle is
increased by an increased CH3OH diﬀusion through the pores
of the nanostructures. This might explain why TiO2-450 which
has a mesoporous structure requires a small amount of Pt
loading while, however, having a higher surface area than
TiO2-P25. These ﬁndings are in agreement with the so-called
antenna mechanism recently proposed by Bahnemann et al.30,31
and with the recent ﬁnding that the mesoporous TiO2
structures with highly interconnected nanograins result in
favourable conduction pathways for electrons without using
conductive thin layers. Improving the charge collection during
lithium storage at high rates, moreover, the porous structure
favours the complete wetting of the TiO2 by the liquid
electrolyte so that the Li+ insert/extraction can be achieved.32
4. Conclusions
Platinum nanoparticles at diﬀerent contents (i.e., 0.1–1.0 wt%)
have been photochemically deposited onto mesoporous TiO2.
The loading of small amounts of Pt (0.2 wt%) into the
mesoporous TiO2 network has been found to be suﬃcient to
enhance the photonic eﬃciencies. 0.2 wt% Pt loaded onto
mesoporous TiO2 (Pt/TiO2-450) exhibits a photonic eﬃciency
of hydrogen production from aqueous methanol solutions that
is three times higher than that of Pt loaded TiO2-P25. It was
also found that Pt/TiO2-450 is more active than Pt/TiO2-350
while, however, the latter has a higher surface area than the
former, revealing that a high degree of crystallinity is more
important than a high surface area for optimum photocatalytic
hydrogen production. The increase of the crystallinity leads to
a decrease in the number of defect sites and hence a decrease of
the charge carriers recombination. In general, the advantage of
using mesoporous TiO2-450 is to minimize the amount of Pt
cocatalyst loading required for molecular hydrogen produc-
tion from aqueous methanol solutions. The key to this success
is the preparation of Pt/TiO2 networks with mesoporous
nanostructures which at the same time render the methanol
diﬀusion into the bulk of the photocatalysts and it hence
provides fast transport channels for the methanol molecules
and facilitates the charge carrier separation. Therefore, it
should be possible to apply smart molecular engineering
approaches to design photocatalytic systems exhibiting consi-
derably higher photonic eﬃciencies than existing systems
through using TiO2 mesoporous nanostructured photo-
catalysts which even needs little amount of Pt cocatalyst in
comparison with the commercially available photocatalyst
TiO2 P25.
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